Two-dose measles vaccination schedules
S.R. Rosenthal' & C.J. Clements?

As measles continues to exact a high toll on infant mortality, particularly in developing countries, optimal
strategies for the control of the disease are under discussion. As part of this debate, the place of 2-dose
measles immunization schedules is reviewed regarding their potential as a strategy to improve measles
control. To date, WHO has not recommended the use of a 2-dose schedule.

A number of industrialized countries have already adopted a 2-dose schedule, often choosing to
administer measles vaccine in the same injection as mumps and rubella vaccines. However, at present
not enough is known about such schedules in developing countries to make global recommendations.
Further research should include randomized controlled trials of early 2-dose schedules to investigate both
technical and epidemiological issues such as the effect of blunting immunity and the duration of antibody.
Long-term safety should be determined through studies of adequate size. Programmes already using
2-dose schedules are encouraged to evaluate their impact on disease incidence, cost, vaccine usage,

and effect on coverage.

Until further evaluation is complete, a high and timely coverage with one dose of measles vaccine in
all areas remains the first priority for all immunization programmes.

Introduction

Since 1981, WHO’s Expanded Programme on
Immunization (EPI) has recommended a single dose
of measles vaccine at 9 months of age in countries
where measles is a problem in the first year of life
(1). Nine months was chosen as a compromise age
between ensuring vaccine efficacy and preventing
early measles cases (2). Vaccinating earlier than 9
months resulted in decreased vaccine efficacy owing
to interference from passively acquired maternal
antibody. Vaccinating later than 9 months was asso-
ciated with higher vaccine efficacy, but resulted in
many measles cases among children before they
reached the age of vaccination. Based on data avail-
able to WHO as of April 1992, worldwide coverage
of children with a single dose of measles vaccine
before 1 year was 80%. With this level of coverage,
WHO estimates that more than 89 million cases of
measles and 1.6 million measles-associated deaths
were prevented in 1991. However, an estimated 41
million cases of measles and 1 million measles-
associated deaths occurred globally in 1991. Even in
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countries that have achieved high measles immuniza-
tion coverage with one dose at 9 months, measles
may occur among unimmunized persons and among
those in whom the vaccine was ineffective.

Even with global coverage of measles vaccine
around 80%, there remain many communities, dis-
tricts and countries where immunization coverage is
considerably lower. In these locations, WHO recom-
mends that coverage for a single dose of measles
vaccine be raised as quickly as possible to above the
80% level. This is the first priority for administration
of measles vaccine in immunization programmes.

Driven by continuing high measles morbidity
and mortality, in 1990, the World Health Assembly
and the World Summit for Children adopted targets
for very high levels of measles control. The summit
declaration called for “a reduction by ninety-five
per cent in measles deaths and a reduction by
ninety percent in measles cases compared to pre-
vaccination levels by 1995, as a major step to the
global eradication of measles in the longer run.”’?@
Achieving these ambitious goals may require addi-
tional or alternative measles control strategies, such
as campaign approaches or 2-dose schedules.

A major concern is the continued occurrence of
measles cases in infants less than 9 months of age,
particularly in densely populated African cities.
Because measles case fatality rates are highest in the
first year of life, and few cases occur before 6

a UNICEF. First call for children: World declaration and plan of
action from the World Summit for Children. New York, 1990.
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months of age, development of vaccines that are
highly effective at 6 months of age is a high priority.
In 1989, WHO recommended the use of high titre
Edmonston-Zagreb (EZ) vaccine in such high-trans-
mission settings (3); however, recent studies have
suggested reduced survival in children receiving
high-titre measles vaccines. As a result, high titre
measles vaccines are no longer recommended for use
in immunization programmes, requiring renewed
efforts to obtain the best results from currently
available vaccines (4).

It is anticipated that high coverage with a single
dose of measles vaccine will produce a dramatic
reduction in cases and deaths due to measles. High
coverage levels (greater than 90%) have been shown
in some countries to result in a 90% or greater reduc-
tion in disease incidence. The degree of impact
depends on such variables as population density,
vaccine efficacy under field use, and the distribution
in the population of unimmunized individuals. EPI
recognizes that there is no immunization schedule
which is ideal for all situations, but each country
should determine its own schedule to best fit its own
needs.?

An alternative method for preventing early
measles cases and later vaccine failures may be to
give two doses of measles vaccine. Some early cases
may be prevented by a dose of vaccine given at
approximately 6 months of age. Vaccine failures
would be reduced by a second dose given at approxi-
mately 12 months of age or later, when vaccine effi-
cacy is higher. With the adoption of ambitious dis-

b Expanded Programme on Immunization. /mmunization poli-
cy. Unpublished WHO document WHO/EPI/GEN/86/7 Rev1,
1986.

ease control objectives to deal with the continuing
problem of early measles cases and the increasing
concern over vaccine failures, 2-dose measles immu-
nization schedules may be useful in some settings.
This article reviews the experience with 2-dose
measles schedules, the settings where they might be
considered for use, the constraints on their im-
plementation, and the additional research needed to
answer fundamental questions about such schedules.

Alternative immunization schedules

Countries already using additional doses

Many countries routinely use more than one dose of
measles vaccine in their immunization schedules
(Table 1). Developing countries that use routine 2-
dose schedules usually give the first dose early in
life (6-9 months) and the second dose after maternal
antibody has substantially waned (after 12 months)
(Table 2). This schedule is intended to prevent cases
in young infants and provide a high rate of protec-
tion in older children.

The USA and several countries in northern
Europe have a policy for routine 2-dose measles
schedules. These countries typically give the first
dose at 12—18 months of age, and the second dose at
school entry.

Regional and national elimination targets in
developing countries are providing an opportunity to
examine other vaccine delivery strategies using addi-
tional or later doses of measles vaccine. Brazil,
Chile, Cuba, the English-speaking Caribbean, and
Suriname have recently set measles elimination tar-
gets, and have given a dose of measles vaccine to all
children aged 1-15 years during a mass campaign,
regardless of prior inmunization status. While these

Table 1: Countries with routine immunization schedules which include more than one dose of measles vaccine, by

WHO region
Eastern South-East Western
Africa Americas Mediterranean Europe Asia Pacific
Lesotho Costa Rica Bahrain Bulgaria Maldives China
Cuba Iran Czechoslovakia Mongolia New Zealand
USA Qatar Denmark Papua New Guinea
Saudi Arabia Finland
Tunisia Germany
United Arab Emirates  Israel
Netherlands
Norway
Poland
Portugal
Sweden

United Kingdom
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Table 2: Timing of measles vaccination in selected
countries using routine 2-dose immunization schedules

Age (months)

First Second

Country dose dose
Bahrain 9 15
China 8 7 years
Iran 9 15
Lesotho 9 18
Maldives 9 4 years
Mongolia 9 15
Papua New Guinea 6 8
Qatar 9 15
Saudi Arabia 6 12
Tunisia 9 15
United Arab Emirates 9 15

campaigns at present appear attractive as a strategy
for measles control, their further evaluation is
needed before wider recommendations can be made.

Early 2-dose measles schedules

The optimal ages of administration of two doses of
measles vaccine depend on both the local epidemi-
ology of measles, and specific programme goals.
Early 2-dose measles schedules may be more appli-
cable for areas with high transmission rates in young
infants. Typically, the first dose would be given at
the age when infants first became susceptible, usual-
ly at 9 months, and the second dose 3—6 months later
when maternal antibody has waned (Table 2). These
2-dose schedules are intended to serve two purposes:

— the first dose would be targeted to prevent
measles cases and deaths that occur prior to the
recommended age of immunization for 1-dose
measles schedules;

— the second dose would be given at a time when
maternal antibody had waned, thus decreasing
the number of children who experience vaccine
failure.

Since 1988, EPI has recommended an early 2-
dose measles vaccine schedule for certain high-risk
group where measles morbidity and mortality are
high (5). These groups include infants in refugee
camps, infants admitted to hospital, and those affec-
ted by disasters. In these situations, EPI has recom-
mended that the minimum age for immunization may
be lowered to 6 months, with the second dose of
measles vaccine given as soon as possible after the
child reaches 9 months of age, thereby reducing
vaccine failures. Little information is available on
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evaluating early 2-dose schedules in these special
situations, and WHO is at present not able to make
any general policy recommendation in this special
situation.

Two-dose schedules beginning between 6 and 9
months would be aimed primarily at protecting
young infants and would potentially be most useful
in countries with high age-specific attack rates in this
age group. Little information is available to date,
however, on the evaluation of such early 2-dose
schedules.

Remme et al. (6) described how developing
countries are likely to continue experiencing high
attack rates in children below one year of age. They
calculated age-specific attack rates in Kenya and
in England and Wales prior to immunization
programmes. For England and Wales during the
period 195669 the age-specific attack rate was low
for young children and increased substantially after
one year of age, reaching a peak at school entry.
Exposure before 12 months of age was relatively
uncommon. In this population, a single dose of
vaccine given at one year of age would protect
infants throughout the period of high exposure.

In contrast, the age-specific attack rates in
Kenya during the years 1976-82 were constant
across all age groups. Young infants in Kenya had
age-specific attack rates as high as schoolchildren in
England and Wales. This was attributed by Remme
to social and cultural characteristics of African com-
munities where there are high birth rates and high
contact rates among infants and children. Immu-
nizing at 1 year of age would leave many infants
below this age at risk for measles infection.
Remme concluded that in high-transmission settings,
such as Kenya, the age-specific incidence would
always remain highest in the first year of life; even
if the mean age should become equal to that for
England, because of increased vaccination coverage,
the proportion of cases in children less than 1 year
of age would still be relatively high.

In some settings high coverage with one dose at
9 months of age may induce sufficient herd immun-
ity to protect younger infants. However, despite
moderate to high coverage with one dose of measles
vaccine of children aged 9 months and older, infec-
tion in infants below 9 months remains a problem in
some areas (7, 8).% It is not yet clear whether cover-
age of 90% or more would interrupt transmission and

¢ R. Chen, A measles outbreak in a highly vaccinated popula-
tion: Health Sector Muyinga, Burundi, 1988—1989. Atlanta, GA,
Centers for Disease Control, 1991 (unpublished).

9 Malfait, P. et al. Two-dose schedule or high coverage? An
outbreak of measles in Niamey, Niger, 1990-1991. Epicentre
internal report, Paris, 1992.
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provide herd protection for infants below
9 months of age in these settings. Nor is it clear
whether that level of coverage could be achieved
and sustained.

Late 2-dose schedules

Typically, the first dose of a late 2-dose schedule is
given at 9-15 months of age and the second dose at
school entry. Such 2-dose schedules are aimed at
preventing cases in older vaccinated children not
protected by the first dose (primary vaccine failure)
or whose immunity has waned (secondary vaccine
failure). There are only two reasons why older chil-
dren remain susceptible to measles: failure to have
been vaccinated and vaccine failure. As measles vac-
cine coverage rates increase, a greater percentage of
susceptible persons will be unprotected because of
vaccine failures rather than because they are not vac-
cinated. As an example, if vaccination coverage in
all age groups was 100%, all cases would be due to
vaccine failure. These cases could not be prevented
using a 1-dose strategy. These late 2-dose schedules
may be more appropriate for industrialized countries
with good immunization coverage and where
measles virus transmission among young infants is
limited.

Mathematical models of 2-dose schedules

Several attempts have been made to model the
effects of 2-dose measles schedules. All these
models suggest a large benefit from 2-dose sched-
ules. Hethcote suggested that when a measles vac-
cine has an efficacy of 95%, and coverage is more
than 98%, one dose would be capable of interrupting
transmission (9). When vaccine efficacy is lower
than 93% (WHO assumes vaccine efficacy is 85%
when given at 9 months of age), transmission could
not be interrupted even with 100% coverage. With
two doses (at 1 and 5 years of age), Hethcote predic-
ted that coverage rates of 84% for the first dose and
80% for the second dose would be required to inter-
rupt measles transmission. Nokes et al. (/0) model-
led doses given at 6 and 9 months of age. They
predicted that such a policy would be of particular
benefit to those populations with high rates of early
measles cases. Markowitz & Orenstein showed that
the elimination of measles in the USA was possible
using a 2-dose schedule with lower levels of vaccine
coverage than was currently being achieved with a
1-dose schedule (/1).

One limitation of these models is the lack of
information on the return rates for the second dose.
For simplicity, return rates in these models have
been assumed to be either entirely independent or
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entirely dependent on receiving the first dose. In
reality, those receiving the “second” dose are likely
to be a mixture of previously vaccinated and unvac-
cinated persons.

A linear model can attempt to account for the
effects of age of vaccination on return rates and vac-
cine efficacy (Fig. 1). In this model, the first dose is
given at 6 months of age (with 65% efficacy) and the
second after 12 months of age (with 95% efficacy).
The protection with the 2-dose schedule is compared
with the protection induced by one dose given at 9
months of age (with 85% efficacy). After receiving
the six-month dose, infants return for the twelve-
month dose at a rate that is 90% of the underlying
coverage rate. Those who did not receive a dose at 6
months return at a rate that is 50% of the underlying
coverage rate.

The substantial benefit from 2-dose schedules
predicted by previous models is also evident in the
present model. It suggests that the increased benefit
compared with a 1-dose schedule is greatest at
moderate levels of coverage (40-70%); less benefit
results at very low or very high levels of coverage.
The protection from 100% coverage with one dose is
comparable to 65% coverage with two doses. The
global rate of coverage for one dose of measles
vaccine is 80% which corresponds to a 68% rate of
protection. With coverage of 80% for two doses,
protection would be 92% which exceeds the 1995
target of 90%. The applicability of such modelling to
field situations is not clear.

Fig. 1. Protection from 1- and 2-dose measles vaccina-
tion schedules. Calculation of the percentage protection is
based on the vaccine efficacy at age 6 months (65%), 9
months (85%) and 12 months (95%), the coverage rate,
and the proportion of children unvaccinated by the first
dose (or in whom the vaccine failed) who were vaccinated
at the second immunization.

Two—dose schedule

One—dose schedule

i
0 10 20 30 40 50 60 70 80 90 1
Percentage vaccinated with first dose
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Use of 2-dose schedules in developing
countries

Early experience. In 1978, three African countries,
Kenya, Cote d’Ivoire, and Zaire instituted early
2-dose schedules (/2-14). A first dose of measles
vaccine was given at 6 months of age with a second
dose at or after 9 months. However, of those children
who received a first dose before 9 months of age,
only 3-33% returned for a second dose. Because of
these low return rates, 2-dose strategies were aban-
doned so as to concentrate on achieving high immu-
nization coverage rates with one dose at 9 months. In
countries with poor immunization services and weak
health infrastructures, achieving high coverage with
one dose of measles vaccine must remain the first
priority.

Recent experience. With the continued development
of EPI, some of the obstacles that existed in
implementing 2-dose schedules in the 1970s may
not exist in many countries today. For instance since
1985, a 2-dose schedule has been used in Tunisia
where the immunization programme has a good infra-
structure, well-trained staff, and a substantial degree
of decentralization. The first dose is scheduled be-
tween 9 and 12 months of age. If a child receives
the first dose during this period, he then receives a
second dose 6 months later. If the first dose is
given after 12 months of age, then a second dose
is not given. In 1990, coverage for the first dose of
measles vaccine in infants aged 9 to 12 months was
83%. Among those who received the first dose at
this age, 96% received a second dose after the age
of 12 months. Among those who did not receive the
first dose at 9-12 months of age, 68% received a dose
of measles vaccine at age 15-18 months. Overall, 80%
received two doses and 91% received either two
doses as recommended or one dose at 15-18 months
of age.®

In the United Arab Emirates a 2-dose schedule
was instituted in 1985: the first dose of measles
vaccine at 9 months of age, and a dose of measles,
mumps and rubella (MMR) vaccine 6 months later.
In 1991, coverage was estimated at 81% for the first
dose, and 69% for the second.’

These experiences suggest that countries with
high immunization coverage and well-managed
immunization programmes can successfully im-
plement and sustain 2-dose measles schedules.
However, the impact on disease by changing to a 2-
dose strategy has not yet been evaluated adequately.

¢ Ministére de la Santé publique, Tunis. Enquéte nationale
sur la couverture vaccinale. C.A.P., 1991.

f Data from the Ministry of Health, United Arab Emirates, 1991.

WHO Bulletin OMS. Vol 71 1993

Two-dose measles vaccination schedules

Efficacy

There have been no field trials evaluating the clinical
efficacy of 2-dose measles schedules in developing
countries. Several studies suggest that those infants
who received measles immunization early in life
have a lower antibody response to a subsequent dose
of measles vaccine than those who were first immu-
nized after the age of 12 months (/5). It has been
suggested that the presence of passively acquired
antibody can interfere with a good response to the
first dose. This may then result in a blunted antibody
response to later doses given after maternal antibody
has waned (/6-19). Because measles protection is
dependent on antibody levels and cell-mediated
immunity, the clinical significance of blunted anti-
body response is not known.

High protection of infants younger than 9
months was demonstrated in Malawi refugee camps
where the age of measles vaccination was lowered to
6 months with a second dose given after 9 months.
Clinical vaccine efficacy in children aged 6 to 9
months was 93% during a measles outbreak (20). A
second dose of measles vaccine for the Malawi refu-
gees would probably also have benefited older chil-
dren who were not immunized or were vaccine fail-
ures. In a study of an outbreak that occurred in the
USA among children first immunized below 1 year
of age, measles occurred in 36% of 55 infants who
had not been revaccinated, but in none of 49 infants
who had been revaccinated after 1 year of age (21).

Impact on vaccine supply

Two-dose schedules are likely to cost more than 1-
dose schedules. However, the proportion of increase
will be variable and indications are it would be less
than double. The increased demand for vaccine
would vary based on local demographics, coverage,
size of vaccine vials used, and strategy for adminis-
tration. Various options for administering vaccine
include routine daily, weekly or monthly immuniza-
tion sessions, mass campaigns, and immunizing at
every contact to minimize missed opportunities, all
of which have implications for vaccine wastage.

For a programme considering changing from a
1- to a 2-dose measles schedule, the following two
examples illustrate the potential impact on vaccine
needs.

(1) If a health clinic has a small number of chil-
dren (less than 20) attending each immunization ses-
sion, then a 1-dose measles schedule would mean
that roughly one-fifth of attendees (1 to 4 children)
would be present for the 9-months measles immuni-
zation. One 10-dose measles vial would be opened
and 1 to 4 doses would be used to immunize these
children. The unused doses remaining in the vial
would be thrown away at the end of the session. If
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the schedule is changed to two doses, then roughly
twice as many children (2 to 8) would attend each
session for a first or second dose and still one vial
would be sufficient, with less wastage.

(2) In a clinic where large numbers of children
(greater than 35) are attending each immunization
session with a 1-dose schedule, then roughly 7 or
more would receive the measles vaccine with low
initial wastage. With a 2-dose schedule and about 14
children attending, the second dose of measles vacci-
ne would not reduce the wastage. Depending on the
number of children at each session, roughly 1.5 to 2
times the number of vaccine vials would be used up.

The vaccine requirements of clinics in Lesotho,
which recently implemented a 2-dose measles sche-
dule, appear to conform to the hypothesis described
above.9 Health centres which had small numbers of
children attending each session (because of small
catchment populations and/or daily immunization
sessions) found that they did not have to open any
more measles vials during a session. While formerly
they had experienced wastage rates of 70-80% with
a l-dose schedule, the second dose reduced this
wastage. Health centers with large catchment popu-
lations and/or less frequent immunization sessions
had more children attending each session; there was
lower vaccine wastage even when the 2-dose schedule
required more vials to be opened for giving the
second dose.

In Lesotho, equipment for the cold chain and
transportation, as well as fuel for sterilization,
needles, syringes, and manpower hours needed were
examined both before and after implementation of
the 2-dose schedule. Health workers did not identify
any increased need for equipment. Some clinics had
required an upgrade from single-rack to double-rack
sterilizers because of the increased needle/syringe
usage. Existing cold-chain volume capacity in Leso-
tho was sufficient to accommodate the 2-dose
measles vaccine schedule. It was estimated that even
by doubling the amount of measles vaccine, the
present cold-chain storage capacity in most countries
would not be exceeded (Fig. 2).

Incorporating 2-dose schedules into EPI

In Lesotho, provision of an additional dose of
measles vaccine did not result in the need for an
additional immunization contact. However, many of
the schedules shown in Table 2 would need amend-
ing if a second dose of measles vaccine were added.

9 Expanded Programme on Immunization. Evaluation of the
resource impact of a two-dose measles immunization schedule
on the Expanded Programme of Immunization, Lesotho. Unpub-
lished WHO document, 1992.
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Fig. 2. Percentage of cold chain volume capacity
utilized at different health system levels for all anti-
gens with 1- and 2-dose measles vaccination schedules.
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The most appropriate way of incorporating the
second dose would depend on the specific local epi-
demiology of measles and the needs of the immuni-
zation programme.

For example, high coverage using a 6- and 12-
months schedule may have the advantage of pre-
venting early measles deaths and may more easily
achieve the 1995 measles case-reduction target;
however, this schedule has the disadvantage of shift-
ing one immunization contact and adding an additional
one which is not already in the EPI schedule. A
rational decision on which schedule a country should
choose would depend on such considerations as the
age at which measles cases are occurring, pro-
gramme goals, logistics, training and management.

Separate strategies for urban and rural measles
control have been proposed (22), the 2-dose schedule
being adopted only in urban areas. If effective, the
latter could reduce the measles virus reservoir in the
cities and have a substantial impact in reducing the
spread to rural areas.

Two-dose measles schedules could predictably
contribute to further reducing the incidence of other
EPI target diseases by allowing additional contacts
for OPV and DPT supplemental or booster dose
administration. The additional contact needed for a
2-dose schedule might usefully serve to administer
other vaccines or other primary health care services
such as micronutrient supplementation.

Further research needs

It is not clear at present whether 2-dose schedules
have an advantage in developing countries over high
coverage with one dose of measles vaccine at
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9 months of age. Research into this aspect is fraught
with potential problems. Demonstration projects
attempting to evaluate 2-dose schedules may record
higher coverage and lower mortality by virtue of
intense activity brought about by the researchers.
Randomized controlled trials, while harder to
conduct and more expensive than pilot projects, may
be the only sound way to evaluate 2-dose schedules.
Demonstration projects may only be able to address
operational issues relating to the introduction of a
second dose. Case-control trials will be needed to
address technical and epidemiological issues such as
efficacy, effect of blunting immunity, and duration
of antibody. Long-term safety of two doses will need
to be assessed through studies of adequate size.

Programmes already using 2-dose schedules
should be encouraged to evaluate them for impact on
the disease, cost, vaccine usage, and effect on cover-
age. Two important studies on safety and efficacy
were proposed by Halsey in 1983 (23). The first
study would attempt to evaluate the serological
response and possible adverse effects of an early
2-dose schedule. Children in developing countries
would be randomized to receive either measles vac-
cine in a single dose at 9 months of age or two doses
at 6 and 9 months of age. Serological assessment by
neutralization assay would be done in both groups
prior to each immunization, at 4 to 6 weeks after
each immunization, and at 2 years of age.

The second study suggested by Halsey was a
field trial comparing an early 2-dose schedule with
the currently recommended schedule of one dose
at 9 months. These studies should be carried out in
areas where measles attack rates are high in the first
two years of life. Randomized controlled trials of ad-
equate size will be needed to evaluate long-term
safety, duration of antibody, and clinical efficacy.

Neither of these studies has been attempted
since they were first proposed. Following studies in
the USA in the early 1980s, Stetler et al. (I5) sug-
gested that serological studies of early immunization
with the standard titre vaccine were unlikely to
provide meaningful new information on efficacy, and
more data on clinical protection were needed.
In developing countries, studies of early 2-dose
schedules were deemed less important following the
initial reports of success of early immunization with
one dose of the high titre Edmonston-Zagreb strain
(14). With the withdrawal of WHO support for high
titre vaccines (4), studies of the efficacy of 2-dose
schedules should again be given high priority.

The third area of research is to identify the
operational issues related to introducing 2-dose
schedules. Among the important operational con-
siderations are the drop-out rates between the two
doses of measles vaccine, effect on coverage, cost,
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and vaccine usage, These can best be evaluated by
a demonstration project in an area with high trans-
mission rates such as in an urban setting in Africa.

Evaluation. WHO does not routinely collect reports
on coverage with the second dose of measles vaccine
in those countries that have implemented 2-dose
schedules. Evaluation methodology, vaccination
cards, reporting formats, and analysis software
would need to be adapted and standardized to
evaluate existing and future 2-dose schedules. The
development of these methods would be an impor-
tant contribution to the successful implementation of
2-dose schedules.
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Résumé

Schéma de vaccination antirougeoleuse
en deux doses

Depuis 1984, le Programme élargi de vaccination
(PEV) de 'OMS recommande la vaccination anti-
rougeoleuse en une seule dose a I'dge de 9 mois,
dans les pays ou la rougeole pose un probléeme
chez les enfants de moins d’'un an. Le premier
objectif des programmes de vaccination est
d’amener la couverture par une dose de vaccin
antirougeoleux a 80% ou davantage dans
'ensemble des districts et communautés. Comme
il faudra améliorer encore la lutte antirougeoleuse
pour atteindre 'objectif de réduction de la rougeo-
le d’ici 'année 1995, il est nécessaire d’envisager
de nouveaux moyens d’administration des vaccins
antirougeoleux. Ces moyens consistent notam-
ment en campagnes de vaccination et en utilisa-
tion de schémas en deux doses. Le présent
article examine les connaissances actuelles sur
ces schémas, leur application possible sur le ter-
rain, et les recherches qui seraient nécessaires
avant que l'on puisse formuler de nouvelles
recommandations.

Actuellement, prés de 40 pays utilisent plus
d’une dose de vaccin antirougeoleux, selon divers
protocoles de vaccination. Les schémas “pré-
coces” en deux doses sont appliqués dans les
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pays ou le taux de transmission du virus rougeo-
leux sauvage est élevé chez les nourrissons de
moins de 9 mois. La premiére dose est administrée
a 6-8 mois et la deuxieme 3 a 6 mois plus tard.
Ces schémas visent a prévenir les cas de rougeole
et les déces qui surviennent avant 'age actuelle-
ment recommandé pour la vaccination, et en méme
temps a diminuer le nombre d’enfants chez qui on
observe un échec de la vaccination en raison de la
présence d'anticorps maternels antirougeoleux.

Les schémas en deux doses “tardifs” visent a
prévenir les cas chez les enfants et les adultes
qui deviennent sensibles a la rougeole a la suite
d’'un échec primaire ou secondaire de la vaccina-
tion. La premiére dose est administrée a I'age de
9-15 mois et la deuxieme dose a I'age de scolari-
té. Ces schémas peuvent convenir pour les pays
ou la transmission du virus rougeoleux sauvage
est rare chez les jeunes nourrissons.

D’aprés des modéles mathématiques, les
schémas en deux doses pourraient avoir un
impact significatif sur la mortalité rougeoleuse
avant I'age de 9 mois. Selon ces modéles, ils
augmenteraient également la probabilité que les
pays atteignent I'objectif de réduction de la rou-
geole fixé par 'Assemblée mondiale de la Santé
pour 'année 1995.

Il existe divers autres schémas antirougeoleux
en deux doses, mais on manque de données
montrant lequel est le plus efficace, ou si ces
schémas sont plus efficaces qu’'une forte couver-
ture par une seule dose. Le choix du schéma vac-
cinal reposera sur I'existence de données fiables
de surveillance de la maladie, sur les objectifs des
programmes et sur les moyens disponibles. Tou-
tefois, avant de pouvoir formuler des recomman-
dations, il est nécessaire de poursuivre I'évalua-
tion des schémas en deux doses.

References

1. Expanded Programme on Immunization, Global
Advisory Group. Weekly epidemiological record,
56: 9-16 (1981).

2. Expanded Programme on Immunization. The opti-
mal age for measles immunization. Weekly epi-
demiological record, 57: 89-91 (1982).

3. Expanded Programme on Immunization, Global
Advisory Group. Weekly epidemiological record,
65: 5-11 (1990).

4. Expanded Programme on Immunization. Safety of
high-titre measles vaccines. Weekly epidemiological
record, 67: 357-361 (1992).

5. Expanded Programme on Immunization, Global
Advisory Group. Weekly epidemiological record,
64: 5-12 (1989).

6. Remme, J. et al. The force of measles infection in
East Africa. International journal of epidemiology,
13: 332-339 (1984).

428

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Fauveau, V. et al. Measles among under-9-month-

olds in rural Bangladesh: its significance for age at
immunization. Bulletin of the World Health Organiza-
tion, 69: 67-72 (1991).

. Chikwem, J.O. & Erb, J. A review of data on

measles cases from sentinel surveillance sites in
north-western Nigeria. Public health, 106: 53-61
(1992).

. Hethcote, H.W. Measles and rubella in the United

States. American journal of epidemiology, 177: 2—13
(1983).

Nokes, D.J. et al. Measles immunization strategies
for countries with high transmission rates: interim
guidelines predicted using a mathematical model.
International journal of epidemiology, 19: 703-710
(1990).

Markowitz, L.E. & Orenstein, W.A. Measles
vaccines. Pediatric clinics of North America, 37:
603-625 (1990).

Expanded Programme on Immunization. Results
of the evaluation of vaccination coverage in an
urban district of Ivory Coast. Weekly epidemiological
record, 54: 221-223 (1979).

Expanded Programme on Immunization. Evalua-
tion of vaccination coverage. Weekly epidemiologi-
cal record, 55: 177-179 (1980).

Expanded Programme on Immunization. Evalua-
tion of vaccination coverage, Kinshasa, Zaire.
Weekly epidemiological record, 55: 297-300 (1980).
Markowitz, L.E. et al. Immunization of six-month-
old infants with different doses of Edmonston-
Zagreb and Schwarz measles vaccines. New
England journal of medicine, 322: 580-587 (1990).
Wilkins, J. & Wehrle, P.F. Additional evidence
against measles vaccine administration to infants
less than 12 months of age: altered immune respon-
se following active/passive immunization. Journal of
pediatrics, 94: 865-869 (1979).

Murphy, M.D. et al. Effect of early immunization on
antibody response to reimmunization with measles
vaccine as demonstrated by enzyme-linked immuno-
sorbent assay (ELISA). Pediatrics, 74: 90-93
(1984).

Stetler, H.C. et al. Impact of revaccinating children
who initially received measles vaccine before 10
months of age. Pediatrics, 77: 471-476 (1986).
Markowitz, L.E. et al. Persistence of measles anti-
body after revaccination. Journal of infectious
diseases; 166: 205-208 (1992).

Porter, J.D.H. et al. Measles outbreaks in the
Mozambican refugee camps in Malawi: the conti-
nued need for an effective vaccine. International
journal of epidemiology, 19: 1072-1077 (1990).
Shasby, D.M. et al. Epidemic measles in a highly
vaccinated population. New England journal of
medicine, 296: 585-589 (1977).

Davis, R. Revised measles agenda for the 1990s:
from control to pre-eradication. Journal of inter-
national child health, 2: 45-50 (1991).

Halsey, N.A. The optimal age for administering
measles vaccine in developing countries. In: Recent
advances in immunization, Washington DC, Pan
American Health Organization, 1983, pp. 4-17
(Scientific Publication No. 451).

WHO Bulletin OMS. Vol 71 1993



